Human bodies are often exposed to vertical vibrations when they are in the workplace or on vehicles. Prolonged exposure may cause undue stress and discomfort in the human body especially at its resonant frequency. By testing the response ofthe human body on a vibrating platform, many researchers found the human whole-body fundamental resonant frequency to be around 5 Hz. However, in recent years, an indirect method has been proposed which appears to increase the resonant frequency to approximately 10 Hz. To explain this discrepancy, experimental work was carried out in NTU. The study shows that the discrepancy lies in the vibration magnitude used in the tests. A definition of human natural frequency in terms ofvibration magnitude is proposed.
INTRODUCTION
Vehicles (air, land and water), machinery (for example, in industry and agriculture) and human activities (e.g. people walking or dancing), expose human to mechanical vibration which can interfere with comfort, working efficiency and, in some circumstances, health and safety (1)• Vibration transmitted to the body as a whole through the supporting surface, namely, the feet of a standing man, the buttock of a seated man or the supporting area of a reclining man, is called whole-body vibration.
Many researches have been done to evaluate the human exposure to whole-body vibration. The main concern is the body's resonant frequency. At the resonant frequency there is maximum displacement between the organ and the skeletal structure, placing biodynamic strain on the body tissue involved. Knowledge ofthe resonant frequency ofthe human body could aid the design ofindustrial buildings and transport systems so that the exposure to vibration close to the body's resonant frequency may be minimized (2) Measurements ofthe whole-body resonant frequency can be made by three methods. With the apparent mass method Fairley and Griffin got the fundamental resonant frequency of the seated human body at about 5 Hz and a second mode broadly in the region of 10 Hz. For the standing human, they got 5.5Hz as the main resonance, with a second broad resonance in the range 9-14 Hz (3)• A second method introduced the concept of absorbed power ( Pbs ) by a human during exposure to vertical whole-body vibration. They found that Pbs was strongly related to the frequency of the vibration, peaking within the range of4-6 Hz for the sitting posture. Griffin also found that the greatest absorbed power appeared at about 5 Hz This paper is going to make use of Ji's theory to identify human whole-body resonant frequency under vertical vibration and to try to explain the discrepancy between Ji et al's outcomes with the 'classical' determination in the aspect ofvibration magnitude.
METHODOLOGY
The indirect method made use of a simple rectangular beam supported at the ends. The beam was vibrated in its fundamental mode with a single blow from a soft-headed hammer near its center. In order to obtain similar vibration level as in Griffin et al's tests, in this study the hammer was replaced by a shaker to provide higher and controllable vibration magnitude.
The process was repeated with a subject standing at the center ofthe beam (figure 1). In both cases the resonant frequency of the beam or the human-beam system was recorded, from which the resonant frequency ofthe subject might be deduced in the following way.
The human-structure system may be modeled by an undamped, 2 degrees of freedom model (figure 2), the human body and the structure is each a single DOF model respectively. Then Ji deduced three frequency relationships between the combined human-structure system (W1 and (02 ) and the independent human and structure systems ((0 and (Oh).
°1°2 °s°h col <(w5,w3<w2
where a h's In this case, m refers to the modal mass of the beam (8) The resonant frequency of the human may now be calculated from the equation In these tests, the human bodies were subjected to obvious vibration induced by the shaker. The vibration magnitude was in the similar lever as in Griffin at al's study. However, it is the oniy difference between Ji at al's study and this study. This difference resulted in the decrease in the human rçsonant frequency comparing with Ji's conclusion, but the data corresponds well with Griffin's.
CONCLUSIONS
From the study of human resonant frequency, it can be seen that the discrepancy between Griffin et al and Ji et al's study lies in the vibration magnitude which the human exposed to.
In Ji et al's study, the vibration magnitude induced by the hammer is rather low and is negligible. This study followed Ji's method but significant increased the vibration magnitude, consequently obtained the similar results as Griffin at al's study, therefore testified Ji's theory to be reasonable.
It has been known that the higher the vibration magnitude, the lower the detected human resonant frequency. Therefore, the definition of the human resonant frequency should refer to the vibration magnitude. This paper suggests that, for practical purpose where the vibration magnitude is higher than 0. 1 ms2 (such as in the study ofearthquake and traffic), the human resonant frequency could be assumed in the range of 3 to 7 Hz.
No matter what the human posture is, the human body is able to damp the slab's vibration significantly. There is slight difference between various postures. Ifwe refer to the muscle tension, it can be suspected that tensed postures can damp the vibration more effectively than the relaxed ones.
